The distribution and intensity of fibrinolytic activity and of inhibitors of fibrinolysis in the normal skin of the rat, guinea pig and rabbit were studied with histochemical techniques. Rat skin exhibited the highest overall fibrinolytic activity and rabbit skin the lowest, with guinea-pig intermediate. The distribution of fibrinolytic areas differed in the different species. The fibrinolytic activity was caused by an activator of plasminogen related to the blood vessels or in some instances (mainly in the rabbit) to the epidermis. The ability to inhibit plasmin was highest in guinea pig skin and lowest in rat skin, with rabbit skin intermediate. In all 3 species the inhibition was related chiefly to the muscular layer. Epidermis was an additional source of inhibition. Kwaan and Silverman [14], have reported the existence of changes in the fibrinolytic activity of the skin in relation to skin diseases, or following injury to the human skin as reported by Turner, Kurban, and Ryan [7]; Grice, Ryan, and Magnus [15] ; and Kurban, Turner, and Ryan [9] .
The distribution and intensity of fibrinolytic activity and of inhibitors of fibrinolysis in the normal skin of the rat, guinea pig and rabbit were studied with histochemical techniques. Rat skin exhibited the highest overall fibrinolytic activity and rabbit skin the lowest, with guinea-pig intermediate. The distribution of fibrinolytic areas differed in the different species. The fibrinolytic activity was caused by an activator of plasminogen related to the blood vessels or in some instances (mainly in the rabbit) to the epidermis. The ability to inhibit plasmin was highest in guinea pig skin and lowest in rat skin, with rabbit skin intermediate. In all 3 species the inhibition was related chiefly to the muscular layer. Epidermis was an additional source of inhibition.
Todd [1] found the human skin rjch in fibrinol ytically active vessels. The activity is caused by a plasminogen activator which is present chiefly in the deep dermal veins and capillaries as reported by Haustein [2, 3] and Turner and Ryan [ 4] . Generally, there is a gradient of fibrinolytic activity in the normal skin, rising from low activity in the upper dermis to considerable in the hypodermis, with various degrees of focal activity related to blood vessels surrounding the hair-follicles, sebaceous glands, or eccrine sweat glands as noticed by Turner and Ryan [4] . Haustein [5] and Ryan, Nishioka, and Dawber [6] also reported the occasional presence of plasminogen activator in the epidermis, which in addition may contain inhibitors of fibrinolysis as noticed by Turner, Kurban, and Ryan [7, 8] ; Kurban, Turner, and Ryan [9] ; and Ryan, Nishioka, and Dawber [6] . Several authors, such as Haustein [5, 10] ; Ryan, Nishioka, and Dawber [6] ; Cunliffe et al [11] ; Dodman, Cunliffe, and Roberts [12] ; Black [13] ; Kwaan and Silverman [14] , have reported the existence of changes in the fibrinolytic activity of the skin in relation to skin diseases, or following injury to the human skin as reported by Turner, Kurban, and Ryan [7] ; Grice, Ryan, and Magnus [15] ; and Kurban, Turner, and Ryan [9] .
There are few reports on the fibrinolytic activity of the skin of animals. Tympanidis and Astrup [16] and Smokovitis, Kok and Astrup [17] found the distribution of plasminogen activator in the skin of the rat to resemble that in man, except for the principal relation of the activator to the arteries. Following injury to the skin of the rat [16] [17] [18] or the rabbit [19] a decrease in activity was followed by a secondary rise related to vessels in the repair tissue and in adjacent areas.
To provide a basis for further experimental investigations we report here on the distribution and intensity of fibrinolytic activity in the normal skin of the rat, guinea pig and rabbit, and on the presence of an inhibitor of fibrinolysis demonstrable by the technique, with which the presence of a plasmin inhibitor Manuscript received May 18, 1977 ; accepted for publication Dece mber 11, 1977. Performed in part at the Institute for Medical Resear ch of the J ames F . Mitchell Founda tion, Washington, D .C., and supported by USPHS grant HL·05020 from the National Heart and Lung Insti tute.
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was demonstrated in the smooth muscle cells of human blood vessels by Noordhoek H egt and B1:akman [20, 21] .
MATERIALS AND METHODS

Fibrinolytic Activity
Specimens of normal skin were obtained from para vertebral areas of the following adul t animals: 60 Wistar rats, 15 guinea pigs, 12 White N ew Zeala nd rabbits. The pecimens were immediately frozen in small air-tigh t conta iners and kept a t -20°C or below. Fibrinolytically active sites were located in frozen sections by t he histochemical fibrin slide technique as described before [1 7] , usin g bovine plasminogen-rich as well as plasminogen-free fibrinogen. An average of 60 sections (6) (7) (8) were examined from each specimen.
Inhibitor Localization
Sections from t he above specimens (1 0 rats, 10 guinea pigs, 10 ra bbits) were examined sin1Ultaneously by th e fibrin slide " sandwich" techniqu e of N oordhoek H egt a nd Bra kman [20,2 1 ]. An average of 80 sections (1 6 /lm) were prepar ed from each specimen for th ese studies. Briefly described, the frozen sections, collected on precleaned microscope slides, were covered with a layer of plasminogen-free fibrin a nd left for 30 min in a horizontal posit ion in a refri gerator with a moist a tmosphere for diffu sion of inhibi tor in to t he fibrin layer. Then a section, 10 /lm thick, of a fTo zen solution (1.5 MDH caseinolytic units per ml) of human plasmin (S ta te of Michigan D epar tment of P ublic H ealt h, La nsing, Michigan) in saline wit h 15% gelatin was placed on top of each fibrin slide. These "sandwich " slides were t hen placed horizo ntally in a moist incubator at 37°C for periods ra nging from 120 to 240 min.
Appropriate controls were prepar ed as foll ows: Fibrin "sandwich" slides prepared withou t t issue sections were incubated in order to determine t he effect of the plasmin-gelatin layer on the fi brin in a bsence of tissue sections. Massive lysis of th e fibrin layer occurred after 90 min of incubation at 37°, becoming complete after 120 min. Ot her "sandwich" slides with skin sections were incubated immedia tely at 37°C omitting the preincuba tion in the refri gerator, in which case th e fibrin layer overlying t he whole section was largely lyzed through out after 120 min of incubation. This corresponds to the period requir ed to produce complete lysis in slides prepar ed wi thout a tissue section. The preincubation for 30 min in the refrigerator to allow a n inhibitor to diffuse from the tissue sec tion in to t he superj acent fibrin laye r is therefore necessary. Some s kin sections were heated on t he slides at l00°C for 15 or 20 hr in a dry oven befo re being covered first by fi brin a nd t hen by plasmin-gelatin. The results of th ese and addit ional cont rols ar e reported below. Sections from specimens of rat, guinea pig and ra bbit skin were exa mined simultaneously in order to secure ident ical experimental conditions (diffusion a nd incubation periods, ba tch of fibrinogen, etc.) so t hat more accm ate compariso ns could be obtained.
RESULTS
The major observations are summarized in T ables I and II. The distribution in the tissue sections of foci or areas exhibiting plasminogen activator activity or a capacity to inhibit plasmin, and their intensities is described in detail below. The lar ge individual variations in intensities with their possible path ophysiological implications should be noticed .
Rat Skin
Covered with plasminogen-rich fibrin , lysis began to appear fo cally after 30 min of incubation at 37°C and became intense after 50 to 60 min. At t hat time extended areas of intense diffuse lysis were seen related to t he loose connective tissue of the hypodermis (Fig 1) . Marked lysis occurred around blood vessels in the deep dermis, and scattered foci of lysis were seen in the middle and upper dermis. A few, small foci of lysis appear ed in the muscular layer. Except for a weak, diffuse activity in som e sections, the epidermis was inactive. Sections incubated for 90 or 120 min produced areas of intense lysis, and large fo ci of lysis appeared in th e middle a nd upper dermis close to the epidermis and frequently extending beyond this, so that a p.ossible appearance of epidermal activity by prolongation of the incubation period could not be separately identified . When the plasminogen-free fibrin slides with skin sections were preincubated for 30 min in the refrigerator, covered by a layer of plasmin-gelatin, and incubated for 120 min at 37°C, lysis of the fibri n overlying the section in these "sandwich" slides was almost complete in the areas related to the loose connective tissue of the hypodermis in a bout 70% of the sections, with a partial lysis in a n additional 20%. In the remaining 10% lysis was limited to areas beyond the section. In the sections incubated from 120 to 180 min lysis also occurred in the areas of fibrin overlying the deep dermis in about 40% of the sections, and in some sections also in areas corresponding to t he middle dermis but rarely extending beyond that. After incubation for 180 min th e area of lysis covered the entire section in 18% of the sections except for th e muscular layer (Fig 2) . Even after 240 min of incubation lysis was absent above the muscular layer. Slides with skin sections preh eated for 15 or 20 hr at l00°C showed nearly complete lysis of fibrin in most of the slides after 120 min of incubation except for the fibrin overlying the muscular layer, which remained unlyzed or only partially lyzed.
Guinea Pig Skin
Focal fibrinolytic activity in plasminogen-rich fibrin slides with sections of guinea pig skin appeared after 60 min of incubation, but marked activity was seen only after 120 to 150 min . The activity was most intense in the deep dermis a nd in th e loose connective tissue of the hypodermis (Fig 3) . Foci of lysis· were present in the middle and upper dermis, chiefl y related to blood vessels located at hair follicles . In some sections a weak activity could be seen related to the epidermis or the inner coat of the hair follicles. Scattered fo ci of weak lysis were also present in the muscular layer. After 180 min of incubation the activity in all layers of the skin showed the expected increase with a particularly characteristic area of intense focal activity in the upper dermis close to the epidermis.
The plasminogen-free "sandwich" slides showed after 120 min of incubation partial lysis of fibrin related to the hypodermis in only some· sections (20%) of some (about a third) of the specimens, except for 1 specimen with extraordinarily high hypodermal fibrinolytic activity which showed complete lysis of the fibrin covering the hypodermal area. After 180 min of incuba tion the partial lysis had increased, and about 5% of the sections now showed complete lysis of the fibrin overlying the hypodermis (Fig 4) . At this stage partial lysis of the fibrin overlying the area of the deep dermis occurred in about 25% of the sections. After incubation for 240 min complete lysis of fibrin overlying the hypodermis still occurred in only about 20% of the sections. The partial lysis of the fibrin overlying the deep dermis had increased. A few sections showed also partial lysis of the fibrin above the middle dermis, but lysis was absent in the fibrin overlying the muscular layer, the upper dermis, and the epidermis. When sections of guinea pig skin had been F IG 2. Rat skin, perpendicular section (16 !J.). Plasminogen-free fibrin slide covered by plasmin. Incubated 180 min (reduced from x 36). Complete lysis of the superjacent fibrin layer at locations above the hypodermis, nearly complete lysis above the dermis, and no lysis a bove the muscular layer. pretreated for 15 or 20 hr at l00°C, and the fibrin "sandwich" slides prepared from them had been incubated for 120 min, partial lysis of t he fibrin occW"red in most of the sections, except above the muscular layer, and some sections showed nearly complete lysis. When the incubation period was increased to 180-240 min complete lysis occurred in most of the sections.
Rabbit Shin
Focal fibrinolytic activity in the plasminogen-rich fibrin slides with sections of rabbit skin appeared after incubation for 150 to 180 min. The foci of lysis were located chiefly around blood vessels in the deep dermis with some foci occurring in the hypodermis (Fig 5) . Scattered foci of lysis were seen also in the middle and upper dermis (mainly related to blood vessels located around hair follicles) and occasionally in the muscula1· layer. Several of the skin specimens (7 of 12) showed also varying degrees of lysis related to the epidermis (Fig 5) . This epidermal activity was readily demonstrated because of the absence of activity in the adjacent parts of the upper dermis, and it was particularly distinct in sections with a partially detached epidermis (Fig 6) . The intensity of the epidermal activity varied greatly from specimen to specimen with only a few of them showing the remarkable activity illustrated in Fig  6. Most of the plasminogen-free "sandwich" slides with sections of rabbit skin showed after 120 min of incubation partial (in 40% of the sections) or almost complete (in about 50% of the sections) lysis of the layer of fibrin overlying the hypodermis. After 180 min of incubation pru·tial lysis occW"red also at the location over the deep dermis in about 25% of the sections. Even after incubation for 240 min only scattered areas of lysis appeared corresponding to the remaining parts of the dermis in a few of the sections. Lysis was never seen in the areas of fibrin overlying the muscular layer. Most of the "sandwich" slides prepared from sections of rabbit skin pretreated for 15 or 20 hr at 100°C showed almost complete lysis after 120 min of incubation except at locations of fibrin overlying the muscular layer , which remained unlyzed or only partially lyzed. 
General Observations
In considering the total material it was obvious that there were marked individual variations in activities of the various specimens from th e same species of animal although the pattern of distribution wit hin each species remained the same, except for some variations in the distribution of fibrinolytic activity between th e deep dermis and hypodermis in th e guinea pig. The characteristic fibrinolytic activity was caused by a plasminogen activator, because the lysis produced on plasminogenfree fibrin slides was always weak. This unspecific proteolytic activity was relatively higher in specimens from the guinea pig skin t han in specimens from rat or rabbit. The cause of this unspecific activity remains undetermined, but the presence in guinea pig skin of a trypsin-like protease has been reported by Song, Tabachnick, and McCarron [22] . , In none of the sections studied with the "sandwich" technique did lysis occur in areas of th e fibrin overlying the muscular layer. The loose connective tissue of the rat hypodermis exhibited the least inhibition, which possibly was caused by small amounts of inhibitor escaping from the muscular layer during the period in the refrigerator required for diffusion of the inhibitor into the fibrin layer before application of the plasmingelatin section. The possibility of such a mechanis m was supported by th e observation t hat in fibrin "sandwich" slides with complete lysis of the fibrin superjacent to the hyperdermis a t hin zone of unlyzed fibrin often remained adjacent to th e muscular layer. Similarly, when sections from which the hypodermis had been removed were studied on fibrin "sandwich" slides t here appeared an area of unlyzed fibrin adjacent to the muscular layer at th e position of t he removed hypodermis, while slides with sections of the isolated hypodermis only occasionally showed slight plasmin inhibition. Finally, prolonged incubation of plasminoge n-rich fibrin slides with skin sections resulted in an extension of the areas of lysis caused by t he hypodermal activity preferably in the direction opposite to the muscular layer.
In many sections studied by the "sandwich" technique a zone of unlyzed fibrin remained in relation to the epidermis. This was seen mainly in the guinea-pig and th e least in the rat, and it could be caused by th e presence of inhibitors in the epidermis.
DISCUSSION
The results show that t he highest overall fibrinolytic activity of the skin is seen in the rat, and the lowest in th e rabbit, with the guinea pig in between. The patterns of distribution differed in the 3 species. In the rat skin a gradient of increasing intensity existed from low activity in the upper dermis to a high activity Vol. 70, No. 6 m the loose connective tissue of the hypodermis (not considering the low activity of the interjacent muscular layer). In the skin of t he guinea pig the rising gradient goes from the upper dermis to the deep dermis and the hypodermis. The weak activity of the skin of the rabbit was present mostly in the deep dermis with some foci of activity occurring also in the hypodermis, and with the epidermis as an additional source of distinct activity, as observed in several hundred sections from diffe~·e t?t specimens. These patterns of distribution were charactenstic for each species, only the guinea pig exhibiting some degre_e of individual variation. There were also large individual variations in th e activity related to the epidermis of the rabbit, with a particularly intense activity present at some detached area~ of the epidermis. For comparison, it is of interest that a particularly high fibrinolytic activity was reported for human epidermal cells from patients with psoriasis by Piper, Hadlich, and W J.rbach [23] and Haustein [5, 10, 24] .
Since the fibrinolytic activity is mainly related to the presence of a plasminogen activator in the vascular endoth elium son:e variation in intensity and distribution from one area of t he skm to another in the same animal cpuld be anticipated in relat!on to the type and degree of vascularization at a particula1· site. Differences in the vascular patterns of the skin could be caused by variations in the types and number of cutaneous appendages, the thickness of the skin, and its relationship to the underlying muscle or bone, as well as the type of epidermis, or by other factors, see Montagna [25] and Ryan [26] . Some skin a ppendages, which contain smooth muscle cells, might also be rich in inhibitors of fibrinolysis. In order to diminish these sources of variation all the skin specimens were collected from identical sites in all the animals.
Inhibition of fibrinolysis was r elated mainly to the muscular layer of the skin, agreeing well with the observations by Noorhoek Hegt and Brakman [20, 21] of an inhibitor of plasmin in the smooth muscle cells of the human vascular wall. In th e middle and upper dermis the smooth muscle cells of the hair might be an additional source of inhibitor. The intensity of inhibition would then in part depend on the number of muscle cells in a particular specimen, and it would vary with individual differences in the thickness of th e muscular layer as well as with possible variations in potential inhibitory capacity of muscle cells from different species. In general, we found the lowest degree of plasmin inhibition in sections from the rat skin, and the highest inhibition in the guinea pig skin. The rabbit skin was intermediate.
Obviously, the overall fibrinoly tic activity of a certain tissue depends on the relative concentrations of factors which induce and inhibit fibrinolysis. Generally, it was noticed that the layers with the highest fibrinolytic activity were also those exhibiting th e least inhibition. This was particularly the case in the rat. On the oth er hand, the guinea pig skin exhibited higher fibrinolytic activity than the skin of r a bbit despite a greater inhibition in the former. Similarly, the large difference in t he fibrinolyt ic activity of the hypodermis of the rat and the ra bbit could not be caused by a difference in plasmin inhibitory capacity, because this was low also in the rabbit hypodermis. On the other hand the use of plasmin in the "sandwich" slide technique limits the detection of inhibitors to those acting on plasmin, so that the possibility exists that inhibitors of plasminogen activators could be involved. Our results show that there exists in tissues (here exemplified by the skin of 3 animal species) complex a nd variable interactions between factors which induce fibrinolysis and those which inhibit fibrin olysis. These interactions may affect the resolution of fibrin formed following injury to the skin, a nd they determine in part the differences in patterns of tissue repair in various organs and different species, such as was suggested for th e human skin by Ryan, Nishioka, and Daw ber (6]; Dodman, Cunliffe, and Roberts [12] ; a nd Haustein [27] . While our observations on the skin of animals confirm the simultaneous existence in the epidermis of agents capable of inducing or inhibiting fibrinolysis reported for the human epidermis by previous aut hors, it s hould be noted th at these activities are weak in comparison with those exhibited by other layers of th e skin. These observations could be of significance when in the mechanism of wound h ealing a distinction is made between th e degree of granulation tissue formation a nd the progress of epithelialization. Ryan, Nishioka, and Dawber [ 6] and Nishioka and Ryan [28] h ave discussed th e possible interaction of the epithelium and endoth elium in t he regulation of skin fibrinolysis. It remains to be added th at Dawber, Nishioka, and Ryan [29] h ave reported t hat human skin surface lipids contain a factor which activates fibrinolysis while no inhibition was noticed. As to th e selection of a species of aniinal suitable for use in an experimental model for responses of th e human skin to injury or disorders om results sh ow that t h e skin of t h e r at in regard to its fibrinolytic properties resembles th e human skin m ore closely t ha n the skin of t h e guinea pig or rabbit.
